[1] Large-scale lateral advection of seawater within the oceanic crust is thought to be the cause of low heat flow in the Equatorial Pacific. Li in the sediments and associated pore waters. In addition to diagenetic effects, distinct reversals in lithium concentration and isotopic ratio toward modern seawater composition are observed in waters near the basaltic basement, lending further support to the seawater intrusion hypothesis. Three endmembers are identified in the pore waters: seawater, a diagenetically altered component, and evolved crustal fluid. The new lithium isotopic results underscore the importance of diagenetic artifacts in carbonate sediments.
Introduction
[2] Heat fluxes associated with seawater circulation on the mid-ocean ridges provide crucial insights into the global heat balance in the oceanic crust [McKenzie, 1967; Langseth et al., 1965; Sclater et al., 1976] . Several geophysical models have indicated that the off-axis heat flow may be far more significant than the high temperature axial flow [Elderfield and Schultz, 1996; Schultz et al., 1992] . In the eastern Equatorial Pacific, it has long been recognized that surface conductive heat flow is significantly lower than theoretically predicted [Langseth et al., 1965; Sclater et al., 1980] . Recent geochemical studies in pore waters have concluded that large quantities of seawater may have intruded below thick sediments thereby accounting for the anomalously low heat flow in this area [Baker et al., 1991; Oyun et al., 1995; Spivack and You, 1997] . The chemical compositions of the deepest pore waters are similar to the present-day seawater in Ca, Mg, SO 4 À2 , Sr and 87 Sr/ 86 Sr, suggestive of a short water residence time and minimum water-rock interaction within the basement. Based on B and d
11
B results at Ocean Drilling Program (ODP) Site 851B, a replacement time of 3600 years for the advecting fluids has been estimated [Spivack and You, 1997] . Seawater intrusion in permeable basement rocks below a thick sediment cover has also been documented on the Juan de Fuca Ridge [Wheat and Mottl, 2000] .
[3] Lithium isotopic composition has been used as a diagnostic tracer in marine geochemistry. In particular, the large isotopic fractionation at low to moderate temperatures is suitable for studying water-rock and water-sediment interactions [e.g., Chan et al., 1992 Chan et al., , 1993 Chan et al., , 1994 Zhang et al., 1998; Chan and Kastner, 2000] . Li in marine carbonates is a potentially important indicator of seawater composition of the past but the chemical and isotopic records may be masked by diagenetic effects [Hoefs and Sywall, 1997; Kosler et al., 2001] . In this study, we measured the down-core distributions of Li and d 7 Li in carbonate sediments and associated pore waters in the eastern equatorial Pacific. This permits a detailed examination of the diagenetic processes in carbonate-rich sediments with further assessment of the seawater intrusion hypothesis.
Samples and Analytical Methods
[4] Ocean Drilling Program (ODP) Holes 851B and 844B were drilled during Leg 138 in the Guatemala basin and the Eastern Equatorial Pacific respectively [Meyer et al., 1992] . The sediments are dominantly nannofossil and foraminifer oozes with interspersed radiolarians and diatoms. In Hole 851B substantial amounts of clay are distributed at depths 150 to 180 meters below seafloor (mbsf ). A layer of metalliferous sediments at 317 m is indicative of hydrothermal activity approximately 9 Ma ago [Gurvich et al., 1995] . Pore waters were extracted using a stainless steel squeezer. Bulk sediments were dried, pulverized and sonicated in sub-boiling water before dissolving the carbonate fraction in dilute acetic acid. Li concentrations in carbonates and pore waters were determined by isotope dilution and flame emission. Li separation for isotope analysis followed procedures described in You and Chan [1996] . Li isotopic ratios were determined by thermal ionization mass spectrometry, using Li 3 PO 4 as an ion source. The precision is better than ±1% (1s). Li isotopic composition is expressed as d 7 Li relative to NIST standard L-SVEC.
Results and Discussion
[5] Large down-core Li and d
7
Li variations occur in the pore waters (Figure 1 ). At Site 851B, Li decreases from a seawater value near the sediment/water interface to a distinct minimum of 9.6 mM at 200 mbsf and returns to the seawater value near the basement. d [6] The Li and d
Li reversals in pore waters at Sites 844B and 851B support strongly previous suggestions of lateral advection of seawater within the permeable oceanic crust in the Equatorial Pacific [Baker et al., 1991] . The Li concentration in the near basement water is identical to present-day seawater, but the shifted Li isotopic composition implies that other reactions are involved. The down-core decrease in pore water Li is a result of diagenesis and the higher d Li has been preferentially removed. Pore water Sr concentrations [Oyun et al., 1995] show an interesting anti-correlation with Li. Recrystallization of Sr-rich biogenic calcite results in an increase of Sr content in pore waters. The inverse relation with Sr indicates that Li is removed from pore water during carbonate recrytallization. However, the most Li-poor carbonates were found at the zone of maximum diagenesis (Figure 2 ). This argues against carbonates as the major sink, but instead implies that Li is taken up by clays.
[7] The carbonates at 851B show a similar Li concentration range as reported for foraminiferal calcite. Biogenic carbonates contain 0.5 to 2.6 ppm Li possibly regulated by temporal variation in ocean chemistry and/or diagenetic processes after burial [Hoefs and Sywall, 1997; Delaney et al., 1985] . Li variations in carbonates associated with changing hydrothermal input have been proposed [Delaney and Boyle, 1984; Hoefs and Sywall, 1997] ; however, there was no evaluation of the diagenetic effects. The unusually high Li content in carbonates at 317 m coincides with the presence of Fe-Mn oxide sediments, which are most likely of hydrothermal origin [Gurvich et al., 1995] . This is consistent with elevated Li concentrations in hydrothermal fluids from ocean spreading centers [Chan et al., 1993 [Chan et al., , 1994 .
[8] Holocene foraminiferal shells display an average d 7 Li of 19% compared with a much larger range of 2 to 43.8% in the Tertiary [You and Chan, 1996; Hoefs and Sywall, 1997] . Since Li has an oceanic residence time of at least 400,000 years, large short-term variation in d Li shift in seawater. The new Li isotopic results obtained here, however, underscore the importance of diagenetic artifacts. The carbonates in Site 851B exhibit an isotopic range (6 to 32%) similar to the above mentioned range. Another striking feature is that the down-core variation in the carbonate phase parallels that of the associated pore waters. Li between the carbonates and the associated pore waters indicates water-sediment interactions during diagenesis, rather than temporal variation in oceanic source and sinks. This notion is supported by identification of diagenetically altered carbonates within the lower part of the sedimentary column. Similar changes on B and d 11 B in carbonates have been documented at Site 851 [Spivack and You, 1997] , as well as in corals [Gaillardet and Allegre, 1995] . Assuming isotopic equilibrium is reached, the mineral-water fractionation factor (a) is estimated to be 0.976 ± 0.001. In contrast, recent measurements show a small Li isotopic fractionation in foraminiferal shells [Kosler et al., 2001] . This difference emphasizes potential diagenetic artifacts in carbonate sediments and needs further investigation.
[9] Pore water data in both holes yield two linear mixing trends as a function of depth in the plot of d Li represents the heaviest Li isotopic composition in fluids ever reported and indicates an extreme loss of 6 Li during diagenesis. The composition in basement fluid can be inferred from the deepest pore water. The deepest pore water has a Li concentration identical to that of present-day seawater. Similar seawater-like concentrations have been reported for other elements [Baker et al., 1991; Oyun et al., 1995] . However, the shift of d Li from a seawater value (32.4%) [You and Chan, 1996 ] to 18.8% in this water implies that interactions with the oceanic crust have occurred. Three different type of carbonates can be discerned from the d 7 Li versus 1/Li plot, namely biogenic (6 -12%), diagenetic (32%) and hydrothermally altered (8%) (Figure 4) . Unlike the porewaters, however, the carbonates do not display simple mixing relationships among the three components. This may in part reflect natural variations of Li and d 7 Li in biogenic calcites formed at different times [Hoefs and Sywall, 1997] . On the other hand, the deeper carbonates show lighter isotopic compositions relative to younger samples. The two deepest samples have extremely low isotopic compositions (8%), probably related to previous hydrothermal activity. It appears that the Li isotope ratio can be a sensitive diagnostic tool for evaluation of diagenetic artifacts in carbonates.
[10] The evolved crustal fluid has a lighter d Li is due to either isotopic exchange with the hydrothermally altered carbonates or an imprint of seawater-basalt interaction during seawater circulation. If the later case were true, the reaction temperature can be estimated from the empirical Li isotope fractionation during seawater alteration of oceanic crust. The deepest pore water shows an isotopic fractionation factor of 0.985 relative to fresh basalt, equivalent to temperature of $80 o C based on the study of ocean crust alteration at ODP site 504B [Chan et al., 2002] . This estimated temperature is too low to mobilize Li from basalt. Experiments have shown that Li is released only when temperature reaches above 150°C but is taken up by basalt at lower temperatures with preferential incorporation of 6 Li [Chan et al., 1994; Seyfried et al., 1984] . Secondly, the derived temperature would be sufficient for altering significantly the concentrations of Ca, Mg, SO 4 À2 , Sr and
87
Sr/ 86 Sr in the crustal fluids, which is contrary to observations of the near-basement waters. Isotopic exchange after burial between pore waters and the altered carbonates offers an alternative explanation. In other words, the water emerging from the basement has a similar composition as the present-day seawater and subsequent exchange with the hydrothermally altered sediment has caused a shift of d 7 Li toward lighter values.
[11] We can estimate the water residence time in the same area based on the Li profile of ODP 851 using the approach of Baker et al. [1991] . Using the concentration gradient of the lowest 24 m section, an average porosity of 72% [Meyer et al., 1992] , and diffusion coefficient of 1.48 Â 10 2 cm 2 /yr [Li and Gregory, 1974] , the diffusive flux of Li from the basement is 0.41 nmol/cm 2 /yr. Assuming a 200 m permeable zone with 20% porosity in the basement [Baker et al., 1991] , Li in the basement water should decrease at a rate of 1 Â 10 À10 mol/L per year. A measurable decrease in 1 mM would require 10,000 years. Since the basal pore water has the same Li content as seawater, the age of the basement must be younger than 10,000 years. This is consistent with the maximum residence time of 12,000 years based on Sr isotope data [Baker et al., 1991] and the water replacement time of 3600 years estimated from the B data [Spivack and You, 1997] .
Conclusions
[12] The reversals of Li and d 7 Li in pore waters near the basement toward seawater composition provide strong support for large-scale seawater intrusion through the upper part of oceanic crust. This work confirms previous observations of sea water intrusion in the Eastern Equatorial Pacific, a process that is responsible for the low-conductive heat flow in the area. Base on the Li data, we estimate that the maximum age of the water residence time in the basement to be 10,000 years. At the same time, we have documented for the first time the effects of diagenesis and hydrothermal alteration on the distribution of Li and d
7
Li in carbonate sediments. This information is crucial for future applications of Li/Ca and Li isotope records of marine carbonates for paleoceanographic studies.
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